J 



Europalsches Patentamt 
European Patent Office 
Office europgen des brevets 



0 Publication number: 



0 382 546 

A2 



© 



EUROPEAN PATENT APPLICATION 



0 Application number: 90301368.8 
0 Date of filing: 08.02.90 



© int. CIA C07D 237/08, C07D 237/14, 
C09K 19/34 



■0 Priority: 09,02.89 JP 30675/89 

0 Date of publication of application: 
16.08.90 Bulletin 90/33 

® Designated Contracting States: 
CH DE FR GB LI 



0 Applicant: Chlsso Corporation 

6-32, Nakanoshlma 3-chome Klta-ku 
Osaka-shi Osaka-fu(JP) 

0 Inventor: Goto, Yasuyuki 
462-2 Saehlro 
Ichihara-shi, Chlba-ken(JP) 
Inventor: Makoto, Ushloda 
27-2 Tatsumidal-Hlgashl 3-chome 
Ichihara-shl, Chiba-ken(JP) 



0 Representative: Lamb, John Baxter et al 
MARKS & CLERK 57/60 Lincoln's Inn Fields 
London WC2A 3LS(GB) 



0 Liquid crystalline compound having negative dielectric anlsotropy value. 

0 Liquid crystalline compounds having a large negarive dielectric anisotropy value, have the formula 



(I) 



wherein R 1 and R 2 are the same or are different and each is a C1-C15 alkyl or C1-C15 alkoxy group; 
and Y 1 and Y 2 are the same or are different and each is a hydrogen or fluorine atom. 
Liquid crystal compositions containing the compounds may be used, for example, in light switching 
^elements. 
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Liquid crystalline compound having negative dielectric anlsotropy value 

This invention relates to a novel liquid crystalline compound having a negative dielectric anisotropy 
value and a liquid crystal composition containing the same. The liquid crystalline compound referred to 
herein includes compounds exhibiting a liquid crystal phase by themselves and compounds which exhibit 
no liquid crystal phase by themselves, but are similar in the structure to compounds exhibiting a liquid 

5 crystal phase. More particularly, it relates to a liquid crystal material usable for a liquid crystal display 
element utilizing an electrically controlled birefringence effect. 

An electrically controlled birefringence mode (hereinafter abbreviated to ECB mode) using a negative 
dielectric anisotropy value (dielectric anisotropy value being hereinafter abbreviated to A«) was announced 
in 1971 (M. Schlekel & K. Fahrenschon, Appl. Phys. Lett, 19 (1971) 391), but since in this mode, a 

w stabilized perpendicular alignment was hardly obtained and a liquid crystal viscosity was high, etc., it could 
not cope with a twisted nematic mode (hereinafter abbreviated to TN mode). 

In recent years, however, due to advance of perpendicular alignment technique, trial devices for a large 
capacity display element of ECB mode have been announced (Hp. Schad, M. Kauffmann & P. Egiin. Proc. 
13. Freiburger Arbeitstagung Flussigkristalle, Freiburg (1982) 26, J.F. Clerc & J. C. Deutch. Proc. 

is Eurodispiay, 87, London (1987) 111, Kinoshita, Matsumoto et al, Preprints for the 14th Liquid Crystal 
Symposium (1988) 72, Nikkei Microdevice, January, 1988, p. 69). According to these reports, the following 
matters are mentioned as the specific features of ECB mode: 

(1) The voltage-Hght transmittance dependency Is so steep as that of Supertwisted nematic mode 
(hereinafter abbreviated to STN mode) that a drive at a high duty ratio is possible. 

20 (2) There is no hysterisis as observed in STN mode having a large twist angle. 

(3) Since the liquid crystal molecules are perpendicularly aligned, the light transmittance at the time 
of OFF is ideally low as compared with those of TN mode and STN mode, to obtain a high contrast ratio. 

(4) Color display is possible. 

(5) Viewing angle is broad. 

25 As described above, ECB mode has characteristics suitable for realizing a panel having a large capacity 
and a large area. 

Further, characteristics required for liquid crystal compositions for ECB mode are as follows: 

(1) The viscosity is as low as possible in the aspect of response rate. 

(2) The A« is advantageous to be negative and large in the aspect of the threshold voltage, and the 
30 lower the ratio of the Ae to the dielectric constant in the direction of the major axis of molecules (t y/ ), the 

better the steepness of the voltage-light transmittance characteric. 

(3) Since the larger optical anisotropy value (hereinafter abbreviated to An) is able to make the cell 
thickness thinner, such a large An value is advantageous in the aspect of the response rate, because the 
response rate is reversely proportional to the square of the cell thickness. Further, the larger An value is 

36 preferred also in the aspect of the steepness of the voltage-light transmittance dependency. 

(4) As for the elastic constant the higher the ratio of the elastic constants of the bend and spray 
(Ka»Ki <). the better the steepness of the vottage-iight transmittance dependency. 

At present, however, there is no compound which satisfies all of the characteristics required for these 
items, and actually, liquid crystal compositions obtained by mixing several kinds of liquid crystal com- 
40 pounds or mixing several kinds of liquid crystal compounds with compounds similar to liquid crystals have 
been used. 

As for so far prepared liquid crystalline compounds having a negative Ae to some extent, compounds 
having 2.3-dicyanophenyl group in the molecular structure thereof, cyclohexane derivatives having a cyano 
group at the axial position thereof, pyridazine derivatives, etc. have been known. However, while compounds 

45 having 2.3-dicyanophenyl group in the molecular structure thereof (Japanese patent application laid-open 
No. Sho 59-10557/1984) have a large negative A € , they have a disadvantage of having an inferior solubility 
and a high viscosity. Further, cyclohexane derivatives having a cyano group at the axial position thereof (R. 
Eidenschink, Q. Haas, M. Romer, B. Scheuble. Angew. Chem. 96 (1984) 151.) have a negative A* which is 
not so large, in spite of having a molecular structure having a cyano group In the perpendicular direction of 

so molecules. Further, pyridazine derivatives (Japanese patent application laid-open No. Sho 59-106469/1984) 
have drawbacks that they mostly have no liquid crystal phase and when mixed with other liquid crystalline 
compounds, reduce the clearing point of the liquid crystal phase thereof. Further, a compound having a 
pyridazine ring 
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O c : B «-<^X2>- c 3 H 7 



5 is disclosed in Z. Chem.. 26, Jg (1986) 21 and is said to exhibit smectic phase, but its characteristics are 



SUMMARY OF THE INVENTION 

10 

The object of the present invention is to provide a liquid crystalline compound having a large negative 
A«, a low viscosity, a large Ac and a superior compatibility when mixed with one another and with other 
liquid crystalline compounds. 

The present invention resides in; 
T5 a liquid crystalline compound having a negative dielectric anisotropy value, expressed by the formula 



wherein R 1 and R 2 each independently represent an alkyl group or an alkoxy group each of 1 to 15 carbon 
atoms and Y 1 and Y 2 each independently represent H or F, and a liquid crystalline composition containing 
at least one member of the above compound. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 The compound of the present invention has not oniy a specific feature of having a negative Ae as large 
as -7 when extrapolated, but also has specific features of having a relatively low viscosity of 42.1 cP for a 
three-ring compound and a An as large as 0.205, for example; thus, the compound has well-balanced 
specific features desired as a component of liquid crystal materials for display elements according to ECB 
mode. 

Among the compounds of the formula (I), those having one or two Fs in the 1,4-diphenylene group of 
the molecule, i.e. those of the formula (I) wherein at least one of Y 1 and Y 2 is F, have a superior 
compatibility not only with one another but also with other already known liquid crystalline compounds and 
further have a low viscosity. 

R 1 and R 2 in the formula (I) is preferably a linear alkyl group or alkoxy group each of 1 to 8 carbon 
40 atoms and R 1 is more preferably a linear alkyl group of 2 to 5 carbon atoms. Further, since compounds of 
the formula (I) having branched R 1 and R 2 have an Improved solubility in liquid crystal materials, they are 
useful in some cases, and particularly when such R 1 and R 2 are optically active groups, the compounds 
having such R 1 and R 2 are useful as a chiral dopant. 

The liquid crystal composition of the present invention contains the compound of the formula (I) in a 
46 proportion of 0.1 to 99%, preferably 1 to 40%, more preferably 5 to 30% each by weight. 

As for compounds used in admixture with the compound of the formula (I) as components of the liquid 
crystal composition, known compounds expressed by the following formulas (I) - (xii) are listed: 



unclarified. 
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NC CN 



10 



iQHO^ m -0- v (xi) 



R^O^-coo (xii> 



In these formulas (i) to (xii). R and X 1 each independently represent an alkyl group, an alkoxy group, an 
alkenyl group or an alkenyloxy group each of 1 to 10 carbon atoms, a and b each represent 0. 1 or 2. c 
represents 0 or 1 and when X' represents an alkoxy group or an alkenyloxy group, c represents 0. 

20 

PREPARATION OF THE COMPOUND OF THE INVENTION 

Preparation of the compound of the formula (I) of the present invention will be described below. 
The compound of the formula (I) is divided into the following two groups according to Its preparation: 

Y 1 Y l 

ri KZ)~ c,H4 "^3^^C^)^ r ' (ia) 

yl y2 

In the above formulas, R\ Y 1 and Y 2 are as defined above, and R 3 represents an alkyl group of 1 to 15 
40 carbon atoms. 

Preparation methods of compounds (ia) and (lb) are exemplified as follows. 



45 



so 



65 
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Preparation of the compound of the formula (la) ; 




Preparation of the compound of the formula (lb) : 



In the above equations, R\ R 2 . R 3 , Y 1 and Y 2 are as defined above and Hal represents a halogen atom. 

An ethane derivative (1) Is reacted with succinic acid anhydride in the presence of aluminum chloride 
according to a method described in a literature (Z. Chem., 17 (9) 333 (1977)) to obtain a compound (2). The 
compound (2) is then reacted with hydrazine monohydrate to obtain a cycllzed compound (3), subjecting 
this compound to dehydrogenation reaction with bromine in acetic acid solvent to obtain a compound (4), 
reacting this compound with phosphorus oxychioride to obtain a chlorinated compound (5), and further 
reacting this compound with a Qrignard reagent prepared from an alkyl halide and magnesium in the 
presence of a catalyst of Ni(dppp)Ci 2i if desired, to obtain a compound (la) corresponding to the formula (I) 
wherein R 2 represents an alky! group. Further, by reacting the above compound (5) with a sodium alkoxide, 

8 
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a compound (lb) corresponding to the formula (I) wherein R 2 represents an alkoxy group can be obtained. 

The present invention will be described in more detail by way of Examples, but it should not be 
construed to be limited thereto. 

In these Examples, C-S A point represents crystal-smectic A phase transition point and S A -I point 
represents smectlc A phase-isotropic liquid phase transition point. The symbol ( ) indicates monotropic 
phase transition. 



to 



2S 



35 



Example 1 



Preparation of 3-(4-(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-heptyloxypyridazine (a compound of the for- 
mula (I) wherein R 1 = C2HS , R 2 * OC 7 H, 5 and Y' » Y 2 = H) (Compound No. 5-1 4). 

is A mixture of l-phenyl-2-(trans-4-emylcyclohexyl)ethane (200.0 g. 0.93 mol), pulverized succinic acid 
anhydride (111.6 g, 1.11 mol) and CSa (500 mt) was cooled with ice down to 0 to 5 C. Pulverized 
anhydrous aluminum chloride (248.0 g. 1.86 mol) was gradually added to the mixture. After removing the 
ice bath, the mixture was agitated for one hour and successively agitated for 2 hours on a water bath at 
60 "C. The resulting material was allowed to stand overnight The reaction material was poured into a 

20 mixture of ice (500 g) and 6N-HCI (300 mt). The mixture was agitated sufficiently and distilled off CS 2 and 
water on a water bath, to obtain a residue. The residue was added toluene and then heated under reflux. 
After separating water by means of a Dean-Stoke type water separator, the resulting liquid was filtered off 
while hot and recrystallized to obtain the following 3-(4-(2-(trans-4-ethylcyclohexyl)ethyl)benzoyl)propamc 
acid ( 214 g, m.p.: 141 .2-1 42.6* C). 



30 



40 



To this compound was added a mixture of 80% hydrazine hydrate (132.9 g) and water (600 mt). The 
mbdure was agitated on a water bath at 60* C, to form crystals in the vessel after a while. After further 
agitating for about 2 hours, the resulting material was allowed to cool down to room temperature. The 
resulting crystals were filtered and recrystallized from a mixture of ethyl acetate (0.5 t) and ethanol (1.5 I) 
to obtain 3-(4-{2-(trans-4-ethylcyclohexyl)ethyl)phenylH.5-dihydropyridazine-6-one (183 g) was follows: 



This compound exhibited monotropic liquid crystal phase and had a m.p. of 189.5* C and a (S A -I) point 
of 174.7* C. . _ 

This compound was dissolved in acetic acid (400 mt) with stirring on a water bath at 80 C. Bromme 
45 (129 g) dissolved in acetic acid (150 mi) was slowly dropwise added to the solution. After finishing the 
drdpwise addition of bromine when the solution was colored by the red color of bromine midway dunng the 
dropwise addition, the solution was allowed to cool down to room temperature to form solids in the vessel. 
The solids were filtered and recrystallized from toluene to obtain 3-(4-(2-(trans-4-ethylcyclohexyl)ethyl)- 
phenyljpyridazine 6-one as follows. 



so 



55 



This compound exhibited monotropic liquid crystal phase and had a m.p. of 224.3* C and a <S A -I) point 
of 210* C. 

A mixture obtained by adding phosphorus oxychloride (796.4g) and N,N-diethylanlllne (10 ml) to the 
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above compound was heated under reflux for 3 hours. After distilling off excess phosphorus oxychloride 
under reduced pressure, the residue was poured in ice, and the resulting solids was filtered and 
recrystailized from, toluene to obtain 3-(4-(2-(trans-4-ethylcyclohexyl)phenyl)-6-chloropyridazine (130 g) as 
follows. 

This compound exhibited monotropic liquid crystal phase and had a m.p. of 186.9* C and a (NH) point 
of 180.6* C. 

A solution of n-heptanol (3.5 g) In toluene (50 ml) was dropwise added to a suspension of sodium 
hydride (about 55%) (1 .5 g) In toluene (50 ml). The mixture was agitated for 30 minutes, dropwise adding a 
solution of 3-(4-(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-chloropyrida2ine (5 g) obtained above, in toluene 
(100 ml), heating the mixture under reflux for 3 hours. The reaction solution was poured in water. The 
resulting organic layer was washed with "water until the organic layer became neutral. After drying it over 
anhydrous magnesium sulfate, distilling off the solvent under reduced pressure and recrystallizing the 
residue from ethanol. the captioned 3-(4-(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-heptyloxypyrida2ine (3.7 
g) was obtained. 

C 2 B 5 ^>C 2 H 4 -^^y0C 7 H 15 

This compound had a C-S A point Of 136.6* C and a S A -I point of 147.5* C. 

The following compounds are prepared In the same manner as in Example^: 
3-(4-(2-(Trans-4-ethylcyclohexyl)ethylte^ (m«P« 157.8* C) (5-9) 

3-(4-(2-(Trans-4-ethylcyclohexyl)ethyl)phenyl)-6-propy loxypyridazine (m.p. 1 62.7* C) (5-1 0) 
3-(4-(2-(Trans-4-ethylcyclohexyl)ethyl)phenyl)-6-butyloxypyridazine (m.p. 151.9 C, S A -I point 148.5 C) 

(5-11) 

3-(4-(2-(Trans-4-ethylcyclohexyl)ethyl)phenyl)-6-pentyloxypyridazJne (m.p. 148.1 C, S A -I point 147.0 C) 
(5-12) 

3-(4-(2-(Trans-4-propylcyclohexyl)ethyl)phenyl)-6-ethyloxypyrida2ine (5-16) 
3-(4-(2-(Trans-4-propylcyclohexyl)ethyl)phenyl)-6-propytoxypyrida2ine (5-17) 
3-(4-(2-(Trans-4-propylcyciohexyl)ethyl)phenyl)-6-butyloxypyridazine (5-18) 

3-(4-(2-(Trans-4-propylcyclohexyl)ethyl)phenyl)-6-pehtyloxypyridazlne (C-S A point 150.3 C, S A -I point 
165.4' C) (5-19) 

3-(4-(2-(Trans-4-butyIcyclohexyl)ethyi)phenyl)-6-ethyloxypyridazine (5-23) 
3-(4-(2-(Trans-4-butylcyclohexyl)ethyl)phenyl)-6-propyloxypyrida2ine (5-24) 
3-(4-(2-(Trans-4-butylcyclohexyl)ethyl)phenyl)^-butyloxypyridazine (5-25) 
3-(4-(2-{Trans-4-butylcyclohexyl)ethyl)phenyl)-6-pentyloxypyrida2ine (5-26) 
3-(4-(2-(Trans-4-pentylcyclohexyl)ethyl)phenyl)-6-ethyloxypyridazine (5-30) 
3-(4-(2-{Trans-4-pentylcyclohexyl)ethyl)phenyl)-6-propyloxypyrida2ine (5-31) 
3-(4-(2-(Trans-4-pentylcyclohexyl)ethyl)phenyl)-6-butyloxypyrlda2lne (5-32) 
3-(4-(2-(Trans-4-pentylcyclohexyl)ethyl)phenyl)-6-pentyloxypyridazine (5-33) 
3-(2-Fluoro-4-(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-ethyloxypyridazine (6-9) 
3-(2-Fluoro-4-(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-propyloxypyridazine (6-10) 

3-(2-Fluoro-4-(2-(frans-4-ethylcycto 1 ) 

3-(2-Fluoro-4-(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-pentyloxypyridazine (6-12) 

3-(2-Huoro-4-(2-(trans-4-propylcyclohexyl)ethyl)phenyl)-6-ethyloxypyridazlne (6-16) 
3-(2-Fluoro-4-(2-(fans-4-propylcyclohexyl)ethyl)phenyi)-6-propyloxypyrldazine (6-17) 

3-(2-Fluoro-4-(2-(trans-4-propylcyclohexyi)ethyl)phenyl)-6-butyioxypyridazine (6-18) 
3-(2-Ruoro-4-(2-(trans-4-propylcyctohexyl)ethyl)phenyl)-6-pentyloxypyiidazine (6-19) 

3-(2-Fluoro-4-(2-(trans-4-buty^ (6-23) 
3-(2-Fluoro-4-(2-(trans-4-butylcyclohexyl)emyl)phenyl)*propyloxypyridazine (6-24) 

3-(2-Ruoro-4-(2-(trans-4-butylcyc^^ (6-25) 
3-(2-Fluoro-4-(2-(trans-4-butylcyclohexyl)ethyl)phenyl)-6-pentyloxypyrldazine (6-26) 
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3-{2-Ruoro-4-(2-(trans-4-pentyicyclohexyl)ethyl)phenyl>-6^thyloxypyridazin^ (6-30) 

3-(2-Ruoro-4-(2-(trans-4-pentylcyciohexy^^^ (6-31) 

3-(2-Ruoro-4-(2-(trans-4-pentylcyd^ < 6 ' 32 > 

3-(2-Fiuoro-4-{2-(trans-4-pen^ (6-33) 

3-(3-Ruoro-4-(2-(trans-4-e%lcyclohe^ (7-9) 

3-(3-Ruoro-4.(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-propyloxypyridazlne (7-10) 

3-{3-Fluoro-4-(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-butyloxypyrida (7-1 1 ) 

3-(3-Fluoro-4-(2-(trans-4-ethylcyclohexyJ)ethy])phenyl)-6-penty loxypyridazine (7-12) 

3-{3-Fluoro-4-(2-(trans-4-propylcyclohexyl)Bthyi)phenyl)-6-ethyloxypyrida2ine (7-16) 

3-(3-F!uoro^-(2-(trans-4i3ropyty < 7 " 17 ) 

3-(3-F!uoro^-(2-(trans-4^ropylcyciohexyl)Bthyl)phenyl)-6-buty!oxypyrida2ine (7-18) 

3-(3-Ruoro-4-(2-(trans-4-propylcyc^ < 7 " 19 > 

3-(3-Ruoro-4-(2-(trans-4-butylcyclohexyl)ethyl)phenyl)-6-ethyloxypyridazine (7-23) 

3-(3-Fluoro-4-(2-(tran5-4-butylcyclohexyl)ethyl)phenyl)-6-propyioxypyrida2ine (7-24) 

3-(3-Ruoro-4-(2-(trans-4-butylcyctohexyl)ethy!)phenyI)-6-bulyloxypyridazine (7-25) 

3-(3-Ruoro-4-(2-(trans-4-butylcyc^^ (7-26) 

3-(3-Ruoro-4-(2-(tFans-4-pentylcyclohexyl)ethyl)phenyl)-6-ethyloxypyrlda2ine (7-30) 

3-(3-Ruoro-4-(2-(trans-4-penty Icyclohexy l)ethyl)pheny l)-6-propyloxypyridazine (7-31 ) 

3-(3-Fluoro-4-(2-(trBns-4-pen^ (7-32) 

3-(3-Fluoro-4-(2-(trans-4-pentylcycloh©xyl)ethy1)phenyl)-6-pentyloxypy (7-33) 

3-(2,3-Difluoro-4-(2-(trans-4-propyty^^ (8-16) 
3-(2>Difluoro-4-(2-(trans^propylcyciohexyl)ethyl)phenylh6-propylo>cypyridazine (8-17) 

3-(2,3-Difluoro-4-(2-(t^^ < 8 " 18 > 
3-(2 r 3-Difluoro-4-(2-(trans-4-propylcyclohexyl)©thy!)phenyl)-6-pentyloxypyridazin© (8-19) 

3-(2,3-Dffluoro-4-(2-<trans-4-bu^^ (8-23) 
3-(2,3-Difluoro-4-(2-(trans-4-butylcycloh©xyl)ethyl)phenyl)-6-propyloxypyr1dazine (8-24) 
3-(2>Difluoro-4-(2-(trans-4-butylcycloh©xyl)ethyl)phenyl)-6-butyloxypyiidazinG (8-25) 

3-<2.3-Difluoro-4-(2-(trans-4-butylcycl^^ t 8 " 26 * 

3-(2,3-Difluoro-4-(2-(trans-4-penty^ (8-30) 

3-(2>Difluoro-4-(2-(trans-4-pe^ . < 8 " 31 > 

3-(2,3-Difluoro-4~(2-(trans-4-penty^^ . (8-32) 

3-(2>Difluoro-4-<2-(frans^ l 8 " 33 * 



Example 2 

3-(4-(2-trans-4-ethylcycloh8xyl)phenyl)-6-ctiloropyridazine which is an intermediate obtained in Example 
1 (corresponding to Compound (5)) (20 g) was dissolved in tetrahydrofurane (100 ml) to obtain a solution. 
The solution was cooled in an ice bath, adding Ni(dppp)Ct 2 (ciichloro-1,3-bis«»phenylphosphino)propane 
nickel)(0.2 g), and agitating for 15 minutes. The resulting mixture was then dropwise added a Qngnard 
reagent prepared from ethyl bromide (6.5 g) and magnesium, agitated In an ice bath for 2 hours, and 
successively agitated at room temperature for 2 hours. The resulting material was allowed to stand 
overnight. After adding toluene (200 ml) to the resulting material, 6N-hydrochloric acid was further added to 
obtain a separated organic phase. The organic phase was washed with water to make it neutral, dried over 
magnesium sulfate, distilled off toluene, to obtain a residue. The residue was purified according to column 
chromatography with activated alumina (30 g) using toluene as an eluent and twice recrystalllzing from ethyl 
acetate (150 ml) to obtain 3-{4-(2-(trans-4^thylcyclohexy!)ethyl)phenyl)-6-ethylpyrldazine (Compound No. 
1-9) 

The following compounds are prepared in the same manner as in Example 2: 
3-<4-(2-{Trans-4-ethylcyc!ohexy l)ethyl)phenyl)-6-propylpyridazine (1 -1 0) 
3-(4-(2-{Trans-4-ethylcyclohexy!>ethyl)phenyl)-6-butylpyridazine (1-11) 
3-(4-(2-(Trans-4-ethylcyciohexyl)ettiyl)pheny ()-6-pentylpyridazine (1-12) 
3-(4-(2-(Trans-4-propylcyciohexyl)ethyl)phenyl)-6-ethylpyridazine (1 -1 6) 
3-(4-(2-(Trans-4-propylcyclohexyl)ethyl)phenyl)-6-propylpyridazine (1-17) 
3-(4-(2-{Trans-4-propylcyciohexyl)ethyI)phenyl)-6-butylpyridazine (1-18) 
3-(4-(2-(Trans-4-propylcyclohexyl)ethyl)phenyl)-6-pentylpyridazine (1 -1 9) 
3-(4-(2-Trans-4-butylcyclohexyl)ethyl)phenyl-6-ethylpyrldazine (1-23) 
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3-(4-(2-(Trans^butylcyclohexyl)ethyf)phenyl)*propylpyridazine (1-24) 
3-{4-(2-(Trans-4-butylcyclohexyl)ethy l)phenyl)-6-butylpyridazine (1 -25) 
3-{4-(2-(Trans^butylcycloh8xyl)ethyl)phenyl)-6-penty!pyridazine (1 -26) 
3-(4-(2-{Trans-4-pentylcyclohexyI)ethyl)phenyl)-6-©thylpyrida2ine (1-30) 
3-{4-(2-{Trans-4-pentylcycloh9xyl)ethyl)phenyl)-6-propylpyrida2lne (1 -31 ) 
3-(4-<2-(Trans-4-pentylcyclohexyi)ethyl)phenyl)-6-butylpyridazine (1-32) 
3-(4-(2-(Trans-4-pentylcyclohexyl)ethyl)phenyl)-6-pentylpyridazin© (1-33) 

3-{2-Fluoro-4-(2-(trans-4-ethylcyclohexyl)ethy!)phenyl)-6-ethylpyrida2ine (2-9) 

3-(2-Fluoro-4-(2-(trans-4-ethylcyclohexyl)ethyl)phenyl)-6-propylpyridazine (2-10) 

3-(2-Fluoro-4-(2-(trans-4-ethylcyclohexyl)ethyI)phenyl)-6-butylpyrida2ine (2-11) 

3-(2-Fluoro-4-(2-(tr^ns-4-ethyicyclohexyl)ethyl)phenyl)-6-pentylpyrldazine (2-12) 

3-(2-Fluoro-4-(2-(trans-4-propylcyclohexyl)ethyl)phenyl)-6-ethyipyridazlne (2-16) 

3-(2-Fluoro-4-(2-(trans-4-propylcyclohexyI)ethyl)phenyl)-6-propy!pyridazln (2-17) 

3-{2-Fluoro-4-(2-(trans-4-propylcyciohexyl)ethy!)pheny!)-6-butylpyridazine (2-18) 

3-{2-Fluoro-4-(2-(trans-4-propylcyclohexyl)ethyl)phenyl)-&-pentylpyridazin© (2-19) 

3-(2-Fluoro^(2-(trans^-butylcyclohexyl)ethyl)ph8nyI)-6-ethylpyridazln^ _ (2-30) . 

3-(2-Fluoro-4-(2-(trans-4-butylcyciohexyl)ethyl)phenyl)-6-propylpyridazine (2-31) 

3-(2-Fluoro-4-(2-(trans-4-butylcyclohexyl)ethyl)pher^yl)-6-butylpyridazine (2-32) 

3-(2-Fluoro-4-(2-(trans-4-butylcyclohexyl)ethyI)phenyl)-6-p©ntylpyridazine (2-33) 

3-(2-Fluoro-4-(2-(trans-4-pBntylcyclohexyl)ethyl)phenyl)-6-ethylpyridazine (2-37) 

3-{2-FIuoro-4-(2-(trans-4-pentylcyclohexyl)ethyl)phenyl)-6-propylpyridazjne (2-38) 

3-(2-Fluoro-4-(2-(trans-4-pentylcycbh0xyl)ethyi)phenyl)-6-birtylpyridazlrie (2-39) 

3-(2-Fluoro-4-(2-(trans-4-pentylcyclohexyl)8thyl)phenyl)-6-pentylpyridazlne (2-40) 

3-(3-Fluoro-4-(2-(trans-4-8thylcycloh8xyl)ethyl)phenyl)-6-ethy!pyri (3-9) 

3-(3-FluorcMH2-(trans-4-8^ (3-10) 

3-(3-Fluoro-4-(2-(trans-4-ethylcyciohexyl)ethyl)pheny l)-6-butylpyridazine (3-1 1 ) 

3-(3-Fluoro-4-(2-(lrans-4-©thylcyclohexyl)ethyl)ph8ny l)-6-p©nty!pyridazine (3-1 2) 

3-{3-Fiuoro-4-(2-(trans-4-propylcyclohexyl)ethyl)phenyl)-6-©thylpyrldazlne (3-18) 

3-{3-Fluoro-4-(2-(trans-4-propylcyclohexyl)ethyl)ph©nyl)-6-propylpyridazine (3-17) 

3-(3-F1uoro^(2-(trans-4-propy (3-18) 

3-(3-Fluoro-4-(2-(trans-4-propy lcyciohexyl)8thyj)pheny l)-6-p©nty Ipyridazine (3-1 9) 

3-(3-Ruoro-4-(2-(trans-4-butylcyclohexyl)8thyl)phenyl)-6-ethyfpyridazine (3-23) 

3-(3-Fluoro-4-(2-(trans-4-butylcyclohexyl)ethyl>ph8nyl)-6-propylpyridazine (3-24) 

3-(3-F]uoro-4-(2-(trans-4-butylcyclohexyl)8thyl)ph8nyl)-6-butylpyridazin8 (3-25) 

3-(3-Fluoro-4-(2-(trans-4-butylcyclohexyl)8thyl)phenyl)-6-p8ntylpyridazine (3-26) 

3-(3-Fluorch4-(2-(trans-4-pentylcyclohexyl)8thyl)phenyl)-6-ethylpyridazin (3-30) 

3-(3-FIuor(>4-(2-(trans-4-pentylcyclohexyl)ethyl)phenyl)-6-propylpyridazin© (3-31) 

3-(3-Fluoro-4-(2-(trans-4-pentylcyclohexyl)ethyl)pheny!)-8-butylpyridazine (3-32) 

3-(3-Fluoro-4-(2-(tran3-4-p©ntylcyclohexyl)ethyl)ph8nyl)-6-pentylpyiidazi (3-33) 
3-(2.3-Difluoro-4-(2-(trans-4-ethyicycloh8xyl)©thyl)phenyl)-6-ethylpyridazine (4-9) 

3-(2>Difiuoro-4-(2-(trans-4-ethyte^^ (4-10) 

3-(2.3-Difluoro-4-(2-(trans-4-8%lcycloh8xyl)8thy[)phenyl)-6-buty!pyrid (4-11) 
3-(2,3-Dmuoro^(2-(trans-4-e%lcyclohexyl)8thyl)ph8nyl)-6-p8ntylpyridazine (4-12) 

3-(2>Difluoro-4-(2-(trans-4-propyl^ (4-16) 

3-(2.3-Difluoro-4^2-(trans^ (4-17) 

3-(2>Difluoro-4-(2-(trans-4-propylcyclohexyl)ethyl>ph8nyl)-6-butylpyH (4-18) 

3-(2,3-Difluoro-4-(2-(tr^ (4-19) 

3-(2,3-Difluoro-4-(2-(trans-4-buty!cycloh8xyl)ethyl)phenyl)-6-8thylpy^ (4-23) 

3-(2.3-Difluoro-4-(2-(trans-4-butylcycloh8xyl)ethyl)phenyl)-6-propyIpyridaa (4-24) 

3-(2,3-Difluoro-4-(2-(trans-4-butylcycloh©xyl)ethyl)phenyl)-6-buty!pyrid^ (4-25) 
3-(2.3-Difluoro-4-(2-(trans-4-butylcyciohexyl)8thyI)phenyl)-6-pentylpyridazin8 (4-26) 

3-(2.3-Difluoro-4-(2-(tran^ (4-30) 
3-(2,3 Difluoro-4-(2-(trans-4-pentyJcyciohexyl)ethyl)ph©nyl)-6-propy!pyridazine (4-31 ) 
3-(2,3-DIfluoro-4-(2-(trans-4-pentylcydoh8xyl)ethyl)phenyl)-6-butylpyridazine (4-32) 

3-<2>Difluoro-4-(2-(trans-4~penty^^ (4-33) 
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Example 3 (Use example 1) 

A liquid crystal composition (A) consisting of 



70 



COO 0 CHs 13 wt.% 



CH, -^^-COO 0 C4H9 22 wt. % 



C<B, -<^>-C00 0 C1H1 16 wt. % 

20 

C 5 H, , -<^)-C00 0 CH ' 16wt.% 

25 ' 

' CiHu-^^-COO H^- 0 CiHs 11 wt. % 

30 

cjH ' — 0 CtHs i4wt - % 

40 exhibited a N-l point of 64.0 " C, a viscosity at 25 * C of 1 3.3 cP, a An of 0.085 and a A« of -1 .07. 

To this liquid crystal composition {A) (90% by weight) was added 3-{4.{2-(trans-4-ethylcyclohexyl)ethyl)- 

phenyl)-8-butyloxypyridazine as one of the compounds of the present invention (Compound No. 5-11) (10% 

by weight). The resulting composition exhibited a N-l point raised up to 70.0* C, a viscosity at 25 C slightly 

raised up to 7.3 cP, a An rised up to 0.093 and a A* raised up to -1.29. 
45 As seen from this Example, the compound of the present invention has an effectiveness of rising the N- 

l point of the parent liquid crystal composition up to a practically sufficient value while suppressing the 

viscosity rise to the minimum and rising the absolute values of the An and A«. 

According to the present invention, a liquid crystalline compound having a large negative dielectric 

anisotropy value, a low viscosity and a large birefringence anisotropy value and a liquid crystal composition 
50 suitable as an element constituting light switching elements. 

Claims 

55 1. Liquid crystalline compounds having a negative dielectric anisotropy value, and having the formula 
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wherein R' and R 2 are the same or are different and each is a Ci-Cis alkyl or C1-C15 alkoxy group; 
and Y 1 and Y 2 are the same or are different and each is a hydrogen or fluorine atom. 
70 2. Compounds according to claim 1, wherein at least one of Y 1 and Y 2 Is a fluorine atom. 

3. Compounds according to claim 1 or claim 2 in which R 1 and R 2 each represent a linear Ci-Cb alkyl 
or a linear Ci-Cs alkoxy group. 

4. Compounds according to claim 1 or claim 2 wherein R 1 represents a linear C2-C5 alkyl group. 

5. Compounds according to claim 1 or claim 2 wherein either one of R 1 and R 2 is an optically active 
is branched chain alkyl group. 

6.. A- liquid crystal composition comprising at least two components at least one of which is a liquid 
crystalline compound as defined In any one of the preceding claims. 



20 



25 



30 



35 



40 



45 



50 



55 
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